ABSTRACT
INTRODUCTION
Aflatoxins are secondary toxic fungal metabolites produced by Aspergillus flavus and A. parasiticus. There are four naturally occurring aflatoxins, the most hepatotoxic being aflatoxin B 1 (AFB 1 ), and three structurally similar compounds namely aflatoxin B 2 (AFB 2 ), aflatoxin G 1 (AFG 1 ) and aflatoxin G 2 (AFG 2 ). Aflatoxins not only contaminate our food stuffs but are also found in edible tissues, milk and eggs after consumption of contaminated feed by farm animals (1,2).
Aflatoxins are well known for their hepatotoxic and hepatocarcinogenic effects (3) . The carcinogenic mechanism of AFB 1 has been extensively studied. It has been shown that AFB 1 is activated by hepatic cytochrome P450 enzyme system to produce a highly reactive intermediate, AFB 1 -8, 9 -epoxide, which subsequently binds to nucleophilic sites in DNA, and the major adduct 8, 9-dihydro-8-(N 7 guanyl)-9-hydroxy-AFB 1 (AFB 1 N 7 -Gua) is formed (4, 5) . The formation of AFB 1 -DNA adducts is regarded as a critical step in the initiation of AFB 1 induced hepatocarcinogenesis (6) .
Although the mechanism underlying the hepatotoxicity of aflatoxins is not fully understood, several reports suggest that toxicity may ensue through the generation of intracellular reactive oxygen species (ROS) like superoxide anion, hydroxyl radical and hydrogen peroxide (H 2 O 2 ) during the metabolic processing of AFB 1 by cytochrome P 450 in the liver (7, 8) . These species may attack soluble cell compounds as well as membranes, eventually leading to the impairment of cell functioning and cytolysis (9) . Peroxidative damages induced in the cell are encountered by elaborate defense mechanisms, including enzymatic and non-enzymatic antioxidants (10) . Biological compounds with antioxidant properties contribute to the protection of cells and tissues against deleterious effects of ROS and other free radicals.
Silymarin is a purified extract of Silybum marianum Gaertn, composed mainly of flavonolignans like silybin, silibinin and its diastereoisomers isosilybin, silydianin and silychristin (11) . Silymarin is frequently used in the treatment of liver diseases where it is capable of protecting liver cells directly by stabilizing the membrane permeability through inhibiting lipid peroxidation (LPO) and preventing liver glutathione depletion (12) (13) (14) .
Trianthema portulacastrum L. (Aizoaceae) is a prostrate, glabrous, succulent annual herb found almost throughout India as a weed in cultivated and wastelands. The plant is bitter, hot, alexiteric, analgesic, stomachic, laxative, and serves as alterative cures for bronchitis, heart disease, blood anaemia, inflammation, and piles ascites. The root applied to the eye cures corneal ulcers, itching, dimness of sight and night blindness (15) . A decoction of the herb is used as a vermifuge and is useful in rheumatitis. It is also an antidote to alcoholic poison (16) has remarkable effect in the reduction of Diethylnitosoamine -induced hepatocarcinogenesis (17) and lowering effect of paracetamol and thioacetamide induced hepatotoxicity in rats (18) as well as antioxidant activity (19) . The bitter and nauseous root is given in combination with ginger as a cathartic, (15) . These findings prompted us to evaluate the effect of T. portulacastrum supplementation in AFB 1 induced hepatotoxicity in rats and compare its antihepatotoxic efficacy with an established drug-silymarin.
MATERIALS AND METHODS
AFB 1 , bovine serum albumin and 1, 1, 3, 3-tetraethoxypropane were obtained from Sigma-Aldrich (St. Louis, MO, USA). All other chemicals used were of analytical grade.
Male albino rats of Wistar strain (Rattus norvegicus) weighing 140 ± 20 g (12-14 weeks) were obtained from Tamilnadu Veterinary and Animal Sciences University, Chennai, India. The rats were maintained under standard conditions of humidity (60-80%) -temperature (25 ± 2°C) and light (12 h light/12 h dark) and keep over standard rat pellet diet (M/s PranavAgro Industries Ltd, Sangli, India) and water ad libitum. The animal experiments were conducted according to National Institute of Health guidelines for the care and use of laboratory animals (20) . Coarse powder from the shadow dried leaves of T. portulacastrum L. (500 g) was extracted with ethanol using a soxhlet apparatus. The ethanolic extract thus obtained was dried under reduced pressure and temperature not exceeding 40°C to get 100 g of the crude extract.
Animals were divided into six groups of six rats each as follows. Group I served as vehicle treated control. Group II rats were given AFB 1 (1 mg/kg b.w) as a single oral administration on the 8 th day of the experimental period. Group III animals received ethanolic leaves extract of T. portulacastrum (100 mg/kg b.w) orally for first seven days. Group IV animals received silymarin (100 mg/ kg b.w) orally for seven days. Group V rats received ethanolic leaves extract of T. portulacastrum (dosage and duration were as group III) followed by AFB 1 administration (1 mg/kg b.w) on day 8. Group VI rats received silymarin (dosage and duration as group IV) followed by AFB 1 administration (1 mg/kg b.w) on day 8. Silymarin were dissolved in olive oil. AFB 1 was dissolved in dimethyl sulfoxide and further diluted with distilled water to the required concentration.
The final gavage solution of AFB 1 contained 1% dimethyl sulfoxide. At the end of the 10-day experimental period (72 h after AFB 1 administration), blood was withdrawn, animals were sacrificed and the livers were excised immediately, rinsed in ice-cold physiological saline and homogenized in Tris-HCl buffer (0.1 M, pH 7.4) to give a 10% homogenate. Aliquots of the tissue homogenate were suitably processed for the assessment of following biochemical parameters.
Serum was also separated and used for assay the following hepatospecific enzymes. The activities of Lactate dehydrogenase (LDH), alkaline phosphatase (ALP), alanine aminotransferase (ALT) and aspartate aminotransferase (AST) in liver and serum were estimated by the method of King (21) (22) (23) . Protein content was determined by the method of Lowry et al (24) using bovine serum albumin as a standard. LPO was determined by the procedure of Hogberg et al (25) . Malondialdehyde (MDA), formed as an end product of the T. portulacastrum Ameliorates Aflatoxin B 1 induced Hepatic Damage peroxidation of lipids, served as an index of oxidative stress. Superoxide dismutase (SOD) was assayed according to the method of Marklund and Marklund (26) .
The unit of enzyme activity is defined as the enzyme required to give 50% inhibition of pyrogallol autooxidation. Catalase (CAT) was assayed by the method of Sinha (27) . In this method, dichromate in acetic acid was reduced to chromic acetate when heated in the presence of H 2 O 2 , with the formation of perchloric acid as an unstable intermediate. Chromic acetate thus produced was measured colorimetrically at 610 nm.
Glutathione peroxidase (GPx) was assayed by the method of Rotruck et al (28) based on the reaction between glutathione remaining after the action of GPx and 5,5'-dithiobis-(2-nitrobenzoic acid) to form a complex that absorbs maximally at 412 nm. Glutathione reductase (GR) that utilizes NADPH to convert oxidized glutathione (GSSG) to the reduced form was assayed by the method of Staal et al (29) . Glucose-6-phosphate dehydrogenase (G6PD) was assayed by the method of Beutler (30) wherein the increase in absorbance was measured when the reaction was started by the addition of glucose-6-phosphate. Glutathione-S-transferase (G-S-T) was assayed by the method of Habig et al (31) . Total reduced glutathione (GSH) was determined by the method of Moron et al (32) . Vitamin C was estimated by the method of Omaye et al (33) . Vitamin E was estimated according to the procedure of Desai (34) .
The results are expressed as mean ± standard deviation (SD). Differences between groups were assessed by one-way analysis of variance using the SPSS software package for Windows. Post hoc testing was performed for inter-group comparisons using the least significance difference (LSD) test; significance at P-values <0.001, <0.01, <0.05 have been given respective symbols in the tables. Table 1 reveals the abnormal activities of serum and liver enzymes in rats that indicate the cellular damage caused by AFB 1 treatment. The activities of serum LDH, AST, ALT and ALP were increased by 2.98-, 2.33-, 2.01-and 2.78-fold, respectively, in group II animals when compared with control. Activities of these marker enzymes were significantly (P<0.001) decreased in the liver of AFB 1 administered animals. The ethanolic leaves extract of T. portulacastrum (group V) and silymarin (group VI) pre-treated animals restored these enzyme levels to nearly that of control values (P<0.001) indicating the hepatoprotective role of the drug. Table 2 shows the effects of ethanolic leaves extract of T. portulacastrum and silymarin on AFB 1 -induced LPO and antioxidant status. The 3.46-fold rise in LPO seen in the AFB 1 group was maintained at near normal levels by T. portulacastrum and silymarin pre-treatment. A significant decrease (P<0.001) in the activities of enzymatic antioxidants (SOD, CAT, GPx, GR, G6PD and GST) was seen in the AFB 1 treated animals (group II). Ethanolic leaves extract of T. portulacastrum and silymarin pre-treated rats did not show any decrease in the activities of antioxidants. GSH, vitamin C and vitamin E levels were decreased by 57.74%, 42.95% and 25.69% respectively in the AFB 1 administered rats (Table 3) . Ethanolic leaves extract of T. portulacastrum and silymarin pre-treatment restored the levels of these non-enzymatic antioxidants towards the control level (P<0.001, P<0.01; as against group II), thereby indicating that ethanolic leaves extract of T. portulacastrum and silymarin pre-treatment protects the liver against oxidative stress-induced depletion of antioxidants.
RESULTS
The recovery of biochemical parameters near the normal value is not appropriate (65% protection afforded by drugs). Also compare the hepatoprotective action of T portulacastrum with those of silymarin
DISCUSSION
The hepatotoxic effect of AFB 1 has been well documented in a variety of animal species (3, 35, 36) . Increased activities of serum ALT, AST, LDH and ALP are well known diagnostic indicators of hepatic injury. In cases such as liver damage with hepatocellular lesions, these enzymes are released from the liver into the blood stream (37) . The results obtained by us indicate a significantly recovered in the activities of these marker enzymes in serum, which is in accordance with the previous reports (38, 39) . Pre-treatment with T. portulacastrum significantly lowered the levels of these enzymes, and the values were comparable with that of the control animals and silymarin pre-treated group. This suggests the hepatoprotective role of ethanolic leaves extract of T. portulacastrum.
In the present study, a decrease in the activities of amino transferases, LDH and ALP was observed in the liver following AFB 1 administration. Amino transferases (ALT andAST) being an important class of enzymes linking carbohydrate and amino acid metabolism, have established a relationship between the intermediates of citric acid cycle. These enzymes are markers of liver injury since liver is the major site of metabolism. The marked decrease in the activity of hepatic LDH with AFB 1 treatment indicates impaired liver function. ALP is a membrane bound enzyme and its alteration is likely to affect the membrane permeability and produce derangement in the transport of metabolites (37) .
Several researchers have reported decreased activities of ALT, AST, LDH and ALP in liver during AFB 1 treatment, which corroborate with our study (40, 41) . The AFB 1 -induced decreases in the liver enzymes were significantly inhibited by T. portulacastrum pre-treatment in a manner similar to that observed with silymarin, a known hepatoprotectant. The protection rendered by silymarin may be due to their antioxidant Units: GSH, Vitamin C and Vitamin E-Pg/mg protein; Comparisons are made between: a-group I and group II, III, IV, V, VI; b-group II and group V, VI; c-group V and group VI; *P<0.05, **P<0.01, ***P<0.001.
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effect and their ability to act as a radical scavenger, thereby protecting membrane permeability (11, 13, 42, 43) .
AFB 1 induced free radicals production has been referred to as a possible contributor to hepatotoxicity (7) . LPO is one of the main manifestations of oxidative damage initiated by ROS and it has been linked with altered membrane structure and enzyme inactivation. It is initiated by the abstraction of a hydrogen atom from the side chain of polyunsaturated fatty acids in the membrane (44) . The present data reveals that AFB 1 administration produced a marked oxidative impact as evidenced from the significant increase in LPO. The increase in lipid peroxides might result from increased production of free radicals and a decrease in antioxidant status. The oxidative stress observed in our study is in accordance with other reports (45, 46) where it has been implicated in AFB 1 induced hepatotoxicity. In this study, T. portulacastrum and silymarin pre-treatment significantly reduced the AFB 1 induced LPO by their ability to scavenge the free radicals.
GSH and GST play a critical role in the protection of tissues from the deleterious effects of activated AFB 1 (47) . GSH is a tripeptide containing cysteine that has a reactive -SH group with reductive potency. It can act as a non-enzymatic antioxidant by direct interaction of -SH group with ROS or it can be involved in the enzymatic detoxification of ROS, as a cofactor or a coenzyme (10) . GST catalyzes the conjugation of AFB 1 -8, 9-epoxides with GSH to form AFB 1 -epoxide-GSH conjugates thereby decreasing the intracellular glutathione content (48) . This observation supports our finding where we observed a significant decline in the levels of GSH and GST in AFB 1 induced animals.
Silymarin has already been reported to improve the GSH level (14) . The restoration of intracellular GSH content and GST activity to normal levels by ethanolic leaves extract of T. portulacastrum and silymarin pre-treatment indicates that they play a vital role in mitigating AFB 1 induced oxidative stress and subsequent damage to the liver. Antioxidant enzymes like SOD, CAT and GPx form the first line of defense against ROS and a decrease in their activities was observed with AFB 1 administration (46, 49) . The above finding corroborates with our results where we have observed a decline in SOD, CAT and GPx activities.
SOD is a family of metallo-enzymes that is known to accelerate the dismutation of endogenous cytotoxic superoxide radicals to H 2 O 2 which are deleterious to polyunsaturated fatty acids and structural proteins of plasma membrane (50) . The hydrogen peroxide produced by SOD is further removed by CAT. Decline in the activities of these enzymes after AFB 1 administration might be due to the inactivation of these enzymes by ROS.
Ethanolic leaves extract of T. portulacastrum increases the GSH status resulting in the increase in SOD activity thereby preventing the deleterious effect of super oxide radicals. Thus T. portulacastrum indirectly influences the activities of SOD and CAT. Selenium dependent GPx removes both H 2 O 2 and lipid peroxides by catalyzing the conversion of lipid hydroperoxide to hydroxy acids in the presence of GSH. The activity of GPx, which is a constituent of GSH redox cycle decreased during AFB 1 administration. The reduction in the activity of GPx on AFB 1 administration may be due to decrease in the availability of substrate (GSH) and also because of alterations in their protein structure by ROS (10).
The increased intracellular GSH content following ethanolic leaves extract of T. portulacastrum and silymarin pre-treatment may activate GPx thereby preventing the accumulation of H 2 O 2 . The decrease in the levels of glutathione metabolizing enzymes (G6PD and GR) in AFB 1 administered rats occurs as a result of impaired flux of glucose-6-phosphate through hexose monophosphate shunt and decreased supply of reduced nicotinamide adenine dinucleotide phosphate (NADPH) for the conversion of GSSG to GSH in the presence of GR. Under conditions of oxidative assault, the NADP + / NADPH ratio will switch in favour of NADP + , indicating decreased G6PD activity. The present study also showed a similar finding in the levels of these enzymes, indicating increased onslaught of oxidative radicals. Treatment with ethanolic leaves extract of T. portulacastrum and silymarin significantly improved the activities of GR and G6PD.
Vitamin E, a fat-soluble molecule present in the interior of membranes protects against LPO while ascorbate, a watersoluble antioxidant reduces oxidized D-tocopherol and lipid peroxides (51) . GSH depletion can additionally explain the decreased concentration of vitamin C observed in the present study. This vitamin enters the cell mainly in the oxidized form where it is reduced by GSH. Ethanolic leaves extract of T. portulacastrum and silymarin pre-treatment prevented the significant decline in the level of vitamin C. The increased ascorbate and GSH content in the T. portulacastrum and silymarin pre-treated animals regenerates vitamin E and establishes a synergistic effect among them thereby enhancing the antioxidant protection (52).
It showed a trend similar to that of silymarin, a known hepatoprotective agent in protecting liver from AFB 1 induced
